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The Effects of Materials and Profiles of Gratings on Diffraction Spectra
Brock Halling, TC Shen (mentor)
PHYS 4900 Report

Abstract
Diffraction patterns can be made either by transmitting or reflecting light from a grating which
is an array of parallel lines (rulings) with a fixed periodicity. Elementary optical treatment of
diffraction gratings only describes diffraction angles as a function of periodicity of the
grating. However, we have observed that the profile and materials of the grating do affect the
diffraction pattern. In this study, I investigated the correlation between the grating profiles
obtained by scanning electron microscopy and the materials of the grating (polymer and silicon
dioxide) and the spectra as a function of the diffraction angle. An optical spectrometer made to
measure the angle of incident and reflection as well as an energy spectrometer were used to
collect the data.
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Background
The idea of splitting white, or polychromatic, light into individual colors of certain wavelengths is
centuries old. These diffraction patterns can be made either by transmitted or reflected light from
a grating which is an array of parallel lines (rulings) with a fixed spacing or periodicity. The
equation 𝑠𝑖𝑛𝜃% − 𝑠𝑖𝑛𝜃' = 𝑚𝜆/𝑑 [1] has been used to describe this phenomenon where 𝜃r is the
angle of the diffracted beam from normal, 𝜃i is the angle of the incident beam from normal, 𝑚 is
the order, λ is the wavelength and 𝑑 is the period of the grating. We observed that gratings with
the same 𝑑 give off different colored light when looked at under a microscope. (See Fig 1)

Fig 1. Even though the samples are made of the same photomask, materials, thickness, and profiles of the grating are
different and different colors on the grating region (C) were observed.

The make-up of these patterns is either cobalt on SiO2 (Sample F2-Co) or a carbon polymer called
photoresist (PR) on SiO2 (Sample K3, V3, I7). The PR can be either negative (nLOF2020) or
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positive (AZ1512) depending on how it reacts to light. These differing materials make different
profile patterns when they are being produced. (see Fig 2)
Positive PR makes a trapezoidal shape, negative PR makes an inverse trapezoidal shape, and the
cobalt makes a square shape. It was desired to know if the profile shape of these samples would
play a part in the coloration and spectrum angle 𝜃𝑟.

Fig 2. SEM image of the trapezoidal-shaped positive PR (I7), and the inverse trapezoidal but shaved shape of
negative PR (K3).

In addition to the grating shapes, consideration was given to material thickness in both the grating
region and the flat regions of SiO2 and PR. Material thickness was deemed to be a possible factor
in sample coloration due to thin film interference.
Equipment
Several different pieces of equipment were used for data collection. To collect the incident and
diffraction angles, an optical spectrometer and mercury lamp were used. (see Fig 3) To take
pictures of the samples, an optical microscope at 5x and 100x was used. Spectrum readings were
taken by Ocean Optics USB4000 spectrometer. A scanning electron microscope was used to the
cross-sectional profile pictures of the samples to determine profile shape. NanoSpec 3000 was
used to find PR thickness.

3

Fig 3. Experimental set up as seen from above

Procedure
Using the spectrometer and mercury lamp, each of the 3 samples was analyzed. The spectrometer
was adjusted so the incident angle was as close to 0 degrees as possible. Then using spectral lines
blue, green, and yellow at multiple orders, diffraction angles were measured and recorded. The
wavelengths of blue, green and red are 435.8 nm, 546.1 nm, and 579 nm, respectively. The stage
and sample was then rotated 20, 25, and 30 degrees from normal and the procedure of measuring
diffraction angles was repeated. Using a system of equations, and also graphing the functions, the
incident angle and distance between gratings was found. These values were used to determine if
profile shape had an effect on the diffraction angles.
After angle measurements were taken, the samples were viewed under an optical microscope. The
USB4000 spectrometer was connected to the microscope and spectrum data was collected from 3
different places on each of the 3 samples. Data were collected from the top, the side, and the grating
region. The top and the side were made up of either pure SiO2 or PR and the grating region
consisted of a combination of the two. Using NanoSpec 3000, the thickness of SiO2 was measured
on the F2 sample as well as on K3 sample. This helped in color determination due to thin film
interference.
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Once spectrum data were collected for each of the samples, the samples were cleaved in the grating
region so they could be look at along the cross section by SEM. Because of the very thin cobalt, a
clean cross section was unable to be obtained and pictures were not taken.
Results
After data collection and analyses from the diffraction angle collection it was found that there is
no significant difference in diffraction angle due to profile and material of the gratings. By
knowing 𝜃i as a function of 𝜃r, 𝑑 could be found and used to determine differences between the
samples. For the F2-Co sample, an average 𝑑 of 2033 ± 23 nm was found. For the V3 sample, and
average 𝑑 of 2054 ± 15 nm was found, and for K3 sample, an average 𝑑 of 2037 ± 21 nm was
found. (see chart 1) As can be seen, the values lie within the errors of one another and cannot be
deemed statistically significant.

Chart 1. Average grating period of the samples

Using the Ocean Optics USB4000 spectrometer, the spectra of the samples were analyzed.
Combining the spectra of the grating area, it can be seen in Figure 4 that the finger region gives
off different spectra, and thus different colors. Also notice that the cobalt coated F2 grating has a
higher intensity because the cobalt reflects better. Figure 5 compares the spectra of SiO2 films of
varying thickness. F2 had an SiO2 thickness of 1114 nm and K3 had an SiO2 thickness of 1030
nm. While the 2 films are made of the same material, the thickness differs by about 80 nm and this
difference changes the spectrum quite drastically. This leads us to believe that film thickness plays
a larger role in color variation than does grating profile shape.
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Fig 4. Combined spectrum readings of the grating
region of K3, I7, and F2

Fig 5. Spectra of SiO2 of varying thickness.
F2 in green and K3 in pink

Another observation is that it would seem intuitive that the spectrum of the grating area would be
a 1 : 1 ratio of the combined spectra of the SiO2 region and the PR region. This, however, was not
the case. When the combined spectrum of the SiO2 region and PR region was analyzed, it was
found that the low and high wavelength region can be fitted by 0.5/0.5 ratio but the 500-700 nm
range can be fitted by 0.38/0.24 which is closer to the SEM data. (see Fig 6)

Fig 6. Outside the 500-700 nm range the grating region appears to be half SiO2, half PR, but inside 500-700 nm
range, that ratio does not hold true.

Summary
After data collection and analysis, it appears that grating shape or profile has no effect on sample
coloration. It appears that material thickness and thin film interference are the reasons for
coloration. Color variation in the SiO2 films suggest that as thickness of a thin film changes, color
and spectrum will change likewise. It is not clear why the spectra at the center of the grating area
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does not have the same ratio of component spectra as the short and long wavelength limits.
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